HiLL

PUBLISHING

Transportation Engineering and Logistics Management, 2026, 1(1), 5-9
https://www.hillpublisher.com/Journals/telm/
ISSN Online:

Application Research on Power Supply of
Intelligent Operation and Maintenance System for
Urban Rail Transit

Yi Su

Chongqing Rail Transit (Group) Co., LTD., Chongqing 400000, China.

How to cite this paper: Yi Su. (2026). Ap-
plication Research on Power Supply of In-
telligent Operation and Maintenance System
for Urban Rail Transit. Transportation En-
gineering and Logistics Management, 1(1),
5-9.

Abstract

With the development of The Times, the process of intelligence and intelligence of
the rail transit industry is bound to continue to move forward to a higher level. In
the future, more innovative intelligent technologies may emerge, such as autono-

DOI: 10.26855/telm.2026.06.002 mous trains, intelligent ticketing systems, and intelligent maintenance systems, to
bring more convenience and benefits to the rail transit industry. Intelligent devel-
opment will also promote the deep integration of the rail transit industry and other
smart city construction fields, and realize the comprehensive intelligent upgrade of
urban transportation. At the same time, through the big data analysis and intelligent
decision-making system, the rail transit management department can better predict
the change of passenger flow, and optimize the train operation plan, so as to im-
prove the transportation capacity and operation efficiency. By installing intelligent
monitoring equipment, sensors and other online monitoring devices, the urban rail
transit power supply system can obtain the status of traction substation equipment
in time and realize rapid warning, and establish the intelligent operation and mainte-
nance system of urban rail transit power supply.
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1. Introduction

Subways are a vital artery of China's national economic development, and their safety is crucial to the national econ-
omy and people's livelihoods. The traction power supply system is the power source for subway electric locomotives,
and its reliability directly affects the safety and stability of subway operations. Regular inspections and timely mainte-
nance of the subway traction power supply system are essential to ensure its safe operation. Currently, traction sub-
station safety is achieved through equipment inspections, video surveillance, environmental monitoring, security
measures, fire monitoring, and access control. While these methods provide relatively comprehensive safety assur-
ance for traction substations, the systems remain relatively independent. The large amount of data collected cannot
be shared, hindering comprehensive data analysis and full utilization. This prevents integrated monitoring, centralized
management, and system linkage across multiple systems, which is detrimental to the intelligent development of
subway traction power supply. With continuous technological advancements, the requirements for the automation
and intelligence of traction substations are constantly increasing, and substation inspection work is gradually becom-
ing unmanned or minimally staffed. Therefore, it is essential to integrate the existing systems within the substation
to achieve centralized information collection and transmission, fully utilize the big data information collected by each
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system for comprehensive analysis and intelligent linkage, and realize intelligent inspection of the substation and
health management of key equipment. This will reduce the number of maintenance personnel and their workload,
lower the probability of failure, and improve maintenance efficiency and operational safety.

2. Intelligent Operation and Maintenance System Architecture for Urban Rail Transit Power
Supply

The intelligent operation and maintenance system for urban rail transit power supply mainly consists of four layers:
data layer, network layer, application layer, and equipment layer. The following will elaborate on each of the four
layers.

2.1 Data Layer

The data layer is the foundational platform of the system, used to collect, store, and manage various types of data,
including static and dynamic data. It also provides data access interfaces for use by other layers. Static data refers to
relatively stable data that does not change frequently, primarily including: basic geographic data, such as city maps,
station locations, and line layouts, used to build the system's spatial model; equipment information, including the
model, specifications, and location of traction power supply equipment, used for system equipment management and
maintenance; parameter configuration, such as various system parameter settings and configuration information, in-
cluding voltage, current, and power; and safety regulations and standards, such as standards, specifications, and op-
erating procedures for traction power supply systems, used to ensure system safety and reliability. Dynamic data
refers to data that changes in real-time or frequently, primarily including: sensor data, such as current, voltage, and
temperature sensing data, used to monitor the system's operating status and health; real-time monitoring data, such
as system operating status and equipment fault information, used for real-time monitoring and diagnosis of system
operation; operational data, including train speed, station dwell time, and passenger flow, used to optimize system
operation and scheduling; and predictive and analytical data, such as historical data and model prediction results,
used for system performance analysis and fault prediction.

2.2 Network Layer

The network layer is primarily responsible for system data transmission and communication. It connects the data
layer and other layers, ensuring data security and reliability. The network layer includes components such as Indus-
trial Ethernet and Industrial Wireless LAN. Industrial Ethernet is a network architecture based on Ethernet technology,
specifically designed for industrial automation. It provides high-speed, reliable data transmission, supports WAN and
LAN connections, and in intelligent traction power supply systems for rail transit, it connects various devices and
subsystems to achieve real-time data transmission and sharing. Industrial Wireless LAN is a wireless communication
technology suitable for data transmission within a limited range. It offers excellent flexibility and convenience, suit-
able for mobile devices or areas where cabling is difficult. In intelligent traction power supply systems for rail transit,
it is used to transmit sensor data and monitoring information. Current communication network construction mainly
includes wired and wireless communication. Wired communication generally uses fiber optic cables or twisted-pair
cables as transmission media, offering stability and reliability. This method provides high-speed, low-latency data
transmission, suitable for applications with high requirements for data reliability and real-time performance. In urban
rail transit traction power supply systems, wired communication is often used to connect main equipment and the
control center for transmitting critical data and control commands. Wireless communication uses radio waves as the
transmission medium, offering greater flexibility and convenience. It enables data transmission in situations such as
mobile devices and areas where cabling is difficult. In urban rail transit traction power supply systems, wireless
communication is commonly used for sensor data acquisition and monitoring information transmission. In practical
engineering applications, it is best to combine wireless LAN technology with wired communication technology to
ensure the safety and stability of the traction power supply system while reducing engineering implementation costs.

2.3 Application Layer

The application layer of the intelligent operation and maintenance system for urban rail transit power supply mainly
comprises three parts: a monitoring platform, a decision analysis platform, and a smart operation and maintenance
platform. Each part undertakes different functions, collectively supporting the operation and management of the

DOI: 10.26855/telm.2026.06.002 6 Transportation Engineering and Logistics Management



Yi Su

traction power supply system. The monitoring platform monitors the operating status and various parameters of the
traction power supply system in real time. It receives data from sensors and monitoring equipment and analyzes and
processes this data. The monitoring platform can display the operating status of the traction power supply system in
real time, detect anomalies, and issue early warnings, helping operators take timely measures. The decision analysis
platform utilizes the data collected by the monitoring platform for deeper analysis and processing, applying data
mining, machine learning, and other technologies to identify and predict faults, risks, and optimization opportunities
in the traction power supply system. The decision analysis platform provides decision support for operation and
maintenance personnel, helping them formulate reasonable operation and maintenance strategies, optimize resource
allocation, and improve system reliability and efficiency. The smart operation and maintenance platform is a platform
built on Internet and IoT technologies, aiming to achieve intelligent operation and maintenance management of the
traction power supply system. It integrates various data sources and equipment, and through data analysis and intel-
ligent algorithms, achieves remote monitoring, fault diagnosis, and predictive maintenance of traction power supply
equipment. The intelligent operation and maintenance platform can also provide functions such as equipment man-
agement and workflow management to help operation and maintenance personnel achieve more efficient work and
resource utilization.

2.4 Equipment Layer

The equipment layer is a crucial component of the intelligent operation and maintenance system for rail transit power
supply. Its primary responsibility is to monitor and analyze the operational status of rail transit power supply equip-
ment to ensure its normal operation, detect potential faults early, and implement appropriate maintenance measures.
Sensors and monitoring devices within the equipment layer monitor various key parameters and operational statuses
within the rail transit power supply system. These devices may include temperature sensors, current sensors, voltage
sensors, vibration sensors, and more. The collected data is analyzed and processed to detect abnormalities in equip-
ment operation. By employing data mining and machine learning techniques, the equipment layer can identify poten-
tial faults, predict equipment lifespan and performance changes, and generate corresponding alarms and reports. Fur-
thermore, the equipment layer provides remote monitoring and control capabilities, enabling maintenance personnel
to monitor the equipment's operational status in real time through a remote operating interface and make necessary
controls and adjustments. This facilitates timely response to anomalies, reducing the occurrence of faults and equip-
ment downtime.

3. Intelligent Power Supply System for Urban Rail Transit Power Supply Equipment
3.1 High-voltage power supply point and AC transformer

As a key energy supply link in the power distribution network, the high-voltage power supply point bears the im-
portant responsibility of providing the energy required for the power load of urban rail transit power supply equipment.
The AC transformer plays a core role in the system, mainly responsible for stepping down the high-voltage power
output from the high-voltage power supply point to meet the specific voltage requirements of the low-voltage AC
bus and the intelligent energy control station. Through the synergistic effect of these two key nodes, the intelligent
power supply system can ensure the continuous and stable operation of urban rail transit power supply equipment.

3.2 Intelligent Energy Control Station

An intelligent energy control station is a comprehensive project involving multiple devices and systems. It consists
of key components such as low-voltage distribution cabinets, energy routers, distributed intelligent terminals, clean
energy and energy storage systems, and power quality control systems. These devices and systems work together
under the operation of an intelligent power supply system.

3.2.1 Low-voltage distribution cabinet

This cabinet is responsible for converting high-voltage electricity into low-voltage suitable for power supply equip-
ment, and for effectively managing and distributing it. It integrates advanced circuit protection and control technol-
ogies and consists of components such as circuit breakers, metering equipment, measuring equipment, and protection
devices. Its main function is to receive electrical energy supplied by the power source, step it down through a trans-
former, and then connect it to the intelligent energy control station via its output lines. This provides a stable power
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supply to the intelligent energy control station and its internal components. It also handles the connection of power
loads for urban rail transit. The equipment inside the distribution cabinet also has the ability to effectively connect,
control, and protect electrical energy.

3.2.2 Energy Router

This device is primarily used to optimize power flow. Through efficient management and scheduling of power re-
sources, it enables the rational distribution of power in the power supply network, achieving effective connection of
the AC busbars on the low-voltage side of the AC transformer. This forms a chain-like and mesh-like power flow
structure, greatly enhancing the stability of the power supply system. The energy router also has the ability to integrate
diverse AC and DC power sources at different voltage levels, covering electricity generated by photovoltaic power
generation, wind power generation, and electricity stored in energy storage systems.

3.2.3 Distributed Intelligent Terminals

Distributed intelligent terminals are typically used for data acquisition and effective information exchange with the
central coordination and control unit. These terminals perform advanced edge computing analysis on the collected
data and transmit it, providing a solid data foundation for the central coordination and control unit to make control
decisions. They are responsible for executing the instructions issued by the central coordination and control unit and
precisely controlling the operation of the energy intelligent control station. The types of data collected include envi-
ronmental parameters of the equipment (such as temperature and humidity) and operating status (such as AC/DC
voltage, power supply status, and leakage current).

3.2.4 Clean Energy and Energy Storage Systems

Clean energy systems refer to the use of renewable energy sources such as solar and wind power to convert natural
resources into electricity through photovoltaic panels or wind turbines. This conversion process does not require the
combustion of fossil fuels, thus producing minimal environmental impact. Energy storage systems, on the other hand,
are facilities used to temporarily store electricity generated from clean energy sources. These systems typically in-
clude batteries or other energy storage technologies, capable of storing excess electricity when power generation
exceeds immediate demand. When power demand exceeds current clean energy production, the energy storage sys-
tem releases this stored electricity, ensuring the continuity and stability of the power grid. In the actual operation of
urban rail transit power supply equipment, clean energy and energy storage systems provide stable and reliable power
support for the equipment. When natural conditions permit, clean energy systems supply power directly; when insuf-
ficient to meet demand, energy storage systems supplement the required power, ensuring the continuous operation of
urban rail transit power supply equipment while reducing dependence on the traditional power grid.

3.2.5 Power Quality Control System

The power quality control system is mainly used to monitor and maintain the stability and quality of power, prevent-
ing damage or malfunction of power supply equipment in urban rail transit due to power quality issues. This system
includes monitoring key parameters in the power grid such as voltage, current, frequency, and harmonics, and re-
motely monitoring these parameters in real time. The system can quickly identify unstable factors in power supply
such as voltage fluctuations, frequency deviations, and harmonic interference, and take measures to quickly adjust
them, ensuring a stable power supply to urban rail transit.

4. Intelligent Operation and Maintenance Technology for Power Supply Equipment in Urban
Rail Transit

4.1 Reusing the ITS communication platform

In urban rail transit power monitoring systems, existing monitoring and communication networks serve as data trans-
mission platforms. Communication concentrators are installed at key nodes to effectively collect various signals along
the line. After digital processing, these signals are promptly uploaded to the power monitoring center, enabling 24/7
monitoring of the operational status of electrical equipment such as lighting and ventilation in stations, track areas,
depots, and bridge tunnels. Simultaneously, the status of incoming and outgoing lines and transformers is monitored
in real time. This method allows the system to quickly detect any fault signals, improving response and processing
speed to power grid faults and effectively reducing power outage time caused by faults. Real-time monitoring of bus
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voltage at each stage of the system effectively improves voltage qualification rates, providing reliable assurance for
the stable operation of power supply equipment. Comprehensive collection of energy and electricity data allows for
a complete understanding of changes in various load points and total load within the system, as well as power con-
sumption costs. Remote control of corresponding switch circuits is also possible. In particular, timely and effective
regulation of lighting, ventilation, ring network points, and dual-power transfer switches is possible, maximizing the
use of existing resources, significantly reducing maintenance costs, and improving the system's economy and effi-
ciency.

4.2 Urban Rail Transit Power Supply and Distribution Monitoring Cloud Platform

The primary task of the urban rail transit monitoring center is to ensure the smooth operation of all subsystems and
control equipment of the urban rail transit system, and to respond and handle emergencies immediately. As a key
component of the urban rail transit safety management system, the monitoring center employs advanced automated
monitoring and detection technologies to collect and transmit real-time operational information from various equip-
ment on the road, enabling the urban rail transit management team to understand the overall status of the urban rail
transit system at any time. The system also collects information from various intelligent devices in the urban rail
transit power supply system. Once an abnormality is detected in the power supply equipment, the system immediately
sends an alarm signal via SMS or application, automatically dispatches work orders for problem handling, and tracks
the entire handling process until it is closed, effectively ensuring the stable operation and driving safety of the urban
rail transit system.

5. Conclusion

Therefore, applying intelligent power supply technology in the management of urban rail transit power supply equip-
ment can make the urban rail transit power supply system more efficient and intelligent. With the popularization of
renewable energy and the increase of electric vehicles, the demand of urban rail transit users for power supply systems
will continue to increase. It is necessary to continuously improve energy collection and storage technologies and
make the power supply management system more intelligent so that the management and services of urban rail transit
can keep up with the pace of national economic development and the improvement of people's needs.
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